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Description 

This invention relates generally to global position- 
ing system satellite signal receivers, and more partic- 
ularly to an overall architecture thereof and to specific 
improvements in radio frequency and digital process- 
ing receiver sections. 

The United States government is in the process 
of placing into orbit a number of satellites as part of a 
global positioning system (GPS). Some of the satel- 
lites are already in place. A receiver of signals from 
several such satellites can determine very accurately 
parameters such position, velocity, and time. There 
are both military and commercial uses. A primary mili- 
tary use is for a receiver in an aircraft or ship to con- 
stantly determine the position and velocity of the 
plane or ship. An example commercial use includes 
accurate determination of the location of a fixed point 
or a distance between two fixed points, with a high 
degree of accuracy. Another example is the genera- 
tion of a high accuracy timing reference. 

In order to accomplish this, each satellite contin- 
ually transmits two L-band signals. A receiver simul- 
taneously detects the signals from several satellites 
and processes them to extract information from the 
signals in order to calculate the desired parameters 
such as position, velocity or time. The United States 
government has adopted standards for these satellite 
transmissions so that others may utilize the satellite 
signals by building receivers for specific purposes. 
The satellite transmission standards are discussed in 
many technical articles and are set forth in detail by 
an "Interface Control Document" of Rockwell Interna- 
tional Corporation, entitled "Navstar GPS Space Seg- 
ment/Navigation User Interfaces", dated September 
26, 1984, as revised December 19, 1986. 

Briefly, each satellite transmits an L1 signal on a 
1575.42 MHz carrier, usually expressed as 1540f 0 , 
where f 0 = 1.023 MHz. A second L2 signal transmitted 
by each satellite has a carrier frequency of 1227.6 
MHz, or 1200f 0 . 

Each of these signals is modulated in the satellite 
by at least one pseudo-random signal function that is 
unique to that satellite. This results in developing a 
spread spectrum signal that resists the effects of ra- 
dio frequency noise or intentional jamming. It also al- 
lows the L-band signals from a number of satellites to 
be individually identified and separated in a receiver. 
One such pseudo-random function is a precision 
code ("P-code") that modulates both of the L1 and L2 
carriers in the satellite. The P-code has a 10.23 MHz 
clock rate and thus causes the L1 and L2 signals to 
have a 20.46 MHz bandwidth. The P-code is seven 
days in length. In addition, the L1 signal of each sat- 
ellite is modulated by a second pseudo-random func- 
tion, a unique clear acquisition code ("C/A-code") 
having a 1.023 MHz clock rate and repeating its pat- 
tern every one millisecond, thus containing 1023 bits. 



Further, the L1 carrier is also modulated by a 50 bit- 
per-second navigational data stream that provides 
certain information of satellite identification, status 
and the like. A system and method which utilises 
5 these signals to determine the position of a moving 
platform is described in the European Specification 
No. 242115. 

It is an object of the present invention to provide 
a global positioning receiver architecture that allows 
10 a reliable, low cost, low power consumption, simple 
receiver structure. 

It is another object of the present invention to pro- 
vide a receiver system that measures the relative 
phase of a number of satellite signals to a higher de- 
ls gree of accuracy than now possible, thus improving 
the accuracy of the ultimate quantities, such as pos- 
ition, velocity, and time, that are determined from 
those relative phase measurements. 

In a receiver, signals corresponding to the known 
20 pseudo-random functions are generated and aligned 
in phase with those modulated onto the satellite sig- 
nals in the process of demodulating those signals. 
The phase of the carriers from each satellite being 
tracked is measured from the results of correlating 
25 each satellite signal with a locally generated pseudo- 
random function. The relative phase of carrier signals 
from a number of satellites is a measurement that is 
used by a receiver to calculate the desired end quan- 
tities of distance, velocity, time, etc. Since the P-code 
30 functions are to be classified by the United States 
government so that they can be used for military pur- 
poses only, commercial users of the global position- 
ing system must work only with the C/A-code pseudo- 
random function. 
35 These and additional objects are accomplished 

by the various aspects of the present invention which 
include an overall receiver architecture and improve- 
ments in individual portions of the receiver system. 
The invention is directed at a method of deter- 
40 mining the relative phase of a plurality of L-band radio 
frequency signals having unique modulation and orig- 
inating in a plurality of global positioning system sat- 
ellites, comprising the steps of receiving said plurality 
of radio frequency signals and reducing them by a 
45 common radio frequency down-converting system to 
a plurality of intermediate frequency signals; digitally 
identifying each of said plurality of intermediate fre- 
quency signals by their unique modulation; simulta- 
neously locking a separate phase locked loop elec- 
so tronic circuit onto each of said plurality of intermediate 
frequency signals, and then simultaneously deter- 
mining a base relative phase of each of said plurality 
of intermediate frequency signals. According to the in- 
vention, the method comprises the further steps of 
55 determining separately for each of said plurality of in- 
termediate signals by averaging over a period of time 
a quantity that corresponds to their relative phase, an 
incremental relative phase having a higher degree of 
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resolution than the base relative phase determina- 
tions, and arithmetically combining the base and in- 
cremental phase values for each of the intermediate 
frequency signals, whereby the relative phase of 
each of the radio frequency signals is determined. 
The steps of reducing the radio frequency signals 
may include mixing the received radio frequency sig- 
nals with a local oscillator frequency of substantially 
1372f 0f where f 0 = 1.023 MHz, thereby to reduce the 
frequency of the radio frequency signals, and mixing 
the reduced frequency signals with a local oscillator 
frequency of substantially 171. 5f 0 , thereby to obtain 
said plurality of intermediate frequency signals. A pre- 
ferred embodiment of the invention comprises a re- 
ceiver for such plurality of radio frequency signals, 
and a common radio frequency down-converting sys- 
tem for reducing them to a plurality of intermediate 
frequency signals; means for digitally identifying 
each intermediate frequency signal by its unique 
modulation, and means for locking a separate phase 
locked loop electronic circuit simultaneously onto 
each intermediate frequency signal; and means for 
determining a base relative phase simultaneously of 
each intermediate frequency signal. According to the 
invention, it further includes means for determining 
separately for each intermediate signal by averaging 
over a period of time a quantity that corresponds to 
their relative phase, an incremental relative phase 
having a higher degree of resolution than the base rel- 
ative phase determinations; and means for arithmet- 
ically combining the base and incremental phase val- 
ues for each of the intermediate frequency signals, 
whereby the relative phase of each of the radio fre- 
quency signals is determined. 

The receiver is formed in two major sections. The 
first is a radio frequency section that simultaneously 
receives the L-band signals from a plurality of satel- 
lites and develops low intermediate frequency signals 
within the capability of readily available digital cir- 
cuits. The second is a digital processing section 
which receives the intermediate frequency signals, 
correlates them with the C/A-code of each satellite 
whose signals are being processed, and provides 
measurements of the relative phase of each signal. 
Correlation with (demodulation by) the C/A-code 
pseudo random function is accomplished in the digital 
section, not in the radio frequency section of the re- 
ceiver. The relative phase and other measurements 
are then used by a processor to calculate the desired 
end quantities such as position, distance, velocity, 
time and the like. All clocks and timing signals used 
by both the radio frequency and digital processing 
sections of the receiver are mutually coherent, being 
derived from a common oscillator. A particular com- 
bination of demodulating frequencies has been found 
that, in addition to providing an intermediate frequen- 
cy that may be processed digitally, keeps the amount 
and complexity of circuitry low without creating addi- 



tional problems. 

The radio frequency section includes two serially 
connected frequency down-converter stages for re- 
ducing the L1 signal in frequency to something close 
5 to twice the bandwidth of the C/A-code pseudo-ran- 
dom function. The resulting low frequency signal is 
more easily processed by the digital section of the re- 
ceiver. 

The radio frequency section optionally includes 

10 circuits for reducing the f requency of the L2 signal, in- 
cluding two serial down-converter stages and an au- 
tocorrelation (squaring) stage to provide a low fre- 
quency signal for the digital processing circuits. The 
modulated information on the L2 carrier will not be 

15 available to commercial users of the global position- 
ing system so it need not be preserved in the signal. 
The frequency and phase of the intermediate fre- 
quency L2 carrier can then be used by the digital sec- 
tion in combination with that of the reduced frequency 

20 L1 carrier to determine the effect of the ionosphere on 
the carrier frequency and phase measurements in or- 
der that the unknown effect of the ionosphere on the 
measurements may be determined. 

The digital section receives the reduced frequen- 

25 cy L1 signals. The L1 signal for each satellite is proc- 
essed by a separate digital circuit channel. Each 
channel generates a replica of the L1 carrier signal re- 
ceived from it's satellite. The relative phases of the 
replica L1 carrier signals for the satellites are meas- 

30 ured at a common instant, to the resolution of the 
highest practical clock frequency. These become 
base phase measurements. In order to increase the 
accuracy and resolution of the relative phase meas- 
urements, the phase of each replica L1 carrier signal 

35 is additionally monitored for a large number of cycles 
after the base phase measurements. An average in- 
cremental phase over these cycles for each channel 
is then added to its base phase measurement in order 
to obtain a relative phase of that channel's L1 carrier 

40 signal to a higher resolution than is possible by meas- 
uring the base phase alone. This then allows the ulti- 
mate quantities (position, distance, velocity, time, 
etc.) that are calculated with the use of the relative L1 
signal carrier phases to be obtained with greater ac- 

45 curacy. 

Each digital channel generates from memory a 
replica of the C/A-code of its satellite L1 signal, since 
each such satellite code is known. Its phase is adjust- 
ed to match that in the received L1 signal by a phase 

50 adjusting circuit. The relative phase of the C/A-code 
is part of the information that may be used to make 
the desired end calculations of distance, velocity, 
time and the like. But the in-phase C/A-code is also 
used to demodulate the L1 signal in each channel in 

55 order to obtain the replica of its L1 signal carrier that 
is used to make the phase measurements described 
above. 

In a preferred form of the invention, this L1 carrier 
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replica is obtained by locking onto it by a loop that in- 
cludes a numerically controlled oscillator (NCO). The 
NCO includes a variable modulo counter and a circuit 
that generates periodic shift pulses to keep the coun- 
ter in-phase with the L1 signal carrier. The modulo of 
the counter changes each time it receives a shift 
pulse. The base relative phase of each L1 carrier sig- 
nal is determined at the common instant by reading 
the outputs of the respective digital processing chan- 
nels' counters. The finer resolution phase measure- 
ment discussed above is obtained by counting and 
averaging the number of shift pulses in the NCO 
counter that occur during a predetermined period af- 
ter the instant of base phase measurement. This is a 
simple, straight forward method of carrying out the 
high resolution L1 signal carrier phase measure- 
ments discussed above. 

Additional objects, advantages and features of 
the various aspects of the present invention will be- 
come apparent from the following description of a pre- 
ferred embodiment thereof, which description should 
be taken in conjunction with the accompanying draw- 
ings. 

Figure 1 schematically illustrates the architecture 
of a receiver embodying the improvements of the 
present invention, including the radio frequency 
section circuits; 

Figure 2 illustrates the clock and timing circuits 
of the system of Figure 1; 

Figure 3 is a circuit for processing the L1 carrier 
signal in one of the digital processing channels of 
the system of Figure 1 ; 

Figure 4 is a circuit for processing the 12 signal 
in one of the digital processing channels of the re- 
ceiver of Figure 1; 

Figure 5 is a more detailed representation of the 
numerically controlled oscillator and phase 
measurement circuits of the digital processing 
circuits shown in Figures 3 and 4; 
Figures 6(A) through 6(F) are waveforms that 
generally illustrate the operation of the circuits of 
Figure 5; 

Figures 7(A) through 7(H) are waveforms that 
show a specific example of the operation of the 
circuits of Figure 5; and 

Figures 8(A) and 8(B) are tables that further illus- 
trate that example of the operation of the circuits 
of Figure 5. 

Referring initially to Figure 1, an overall receiver 
system is described. The receiver has provisions for 
connection to an appropriate antenna 11 . The signals 
from the antenna 11 are simultaneously applied to 
two portions of a radio frequency section, one portion 
1 3 for reducing the frequency bands of the several L1 
signals present, and a portion 1 5 for reducing the fre- 
quency bands of the several L2 signals present. An 
output 1 7 of the L1 portion 1 3, in this particular exam- 
ple, is a signal having a frequency of 3.5f 0 (f 0 = 1.023 



MHz), with a bandwidth of 2f 0 , the C/ A- code pseudo 
random noise that is modulated onto the L1 carrier by 
each of the satellites being monitored. An output 19 
of the L2 radio frequency section 15 is, in this specific 

5 example, a 1f 0 signal with practically all modulated in- 
formation removed, so has a narrow bandwidth. Both 
of the portions 13 and 15 of the radio frequency sec- 
tion receive local oscillator signals from a common 
timing circuit 21. 

10 Each of the L1 intermediate frequency signal in 

line 17 and the L2 intermediate frequency signal in 
line 1 9 is applied to each of a plurality of individual dig- 
ital processing channels 23, 25, and 27. It is neces- 
sary to simultaneously process signals from several 

15 satellites, and depending upon the particular informa- 
tion to be derived, usually needs to monitor signals 
from four or more satellites. It is preferable, however, 
that a number of digital processing channels be pro- 
vided that is equal to the maximum number of satel- 

20 lites whose signals may be simultaneously monitored 
and processed by the receiver when applied to its in- 
tended use. Control and processing circuits 29 con- 
trol the operation of the digital processing channels 
23-27 and receive the measured phase, frequency, 

25 and code phase outputs of each channel for calculat- 
ing the ultimate quantity of distance, velocity or the 
like depending upon the receiver's intended applica- 
tions. 

In the specific receiver example being described, 
30 the desired measurement and calculations may be 
made without the L2 portion 1 5 of the radio frequency 
section, thereby eliminating the reduced frequency 
L2 carrier signal in the line 19 from all of the digital 
processing channels 23-27. The primary purpose of 
35 using the L2 carrier signal is to provide a reference for 
eliminating from the L1 carrier signal measured quan- 
tities the effect of the ionosphere. 

A preferred type of antenna 11 is in the form of an 
omni-directiona! one and is generally a microstrip 
40 patch. Signals received from the satellites are right 
circular polarized, so the optimal antenna efficiently 
reconstructs a signal of that polarization while reject- 
ing the cross- polarization that results from reflected 
signals. 

45 The L1 radio frequency section portion 13 in- 

cludes two down-converters. A bandpass filter 31 re- 
ceives the signals from the antenna 11 and is cen- 
tered to pass the L1 carrier frequency of 1540f 0 . The 
bandwidth of the filter 31 is made to be greater than 

so the 2f 0 MHz bandwidth of the C/A code in the L1 sig- 
nal, typically a bandwidth of 35 MHz. The filter 31 
strongly suppresses the L2 and other signals outside 
its bandpass, including a band of image frequencies 
near the L2 band. The filter output is applied to a radio 

55 frequency amplifier 33 that is selected to have high 
gain but yet low noise, one made of gallium arsenide 
components being found preferable. The output of 
that amplifier is applied to a first mixer 35 which also 
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receives a local oscillator frequency of 1372f 0 in a line 
37. The mixer 35 is preferably a commercially avail- 
able double-balanced mixer. 

The signal output of the mixer 35 is then applied 
to another bandpass filter 39. The filter 39 has a cen- 
ter of its bandpass at 168f 0 , the difference between 
the two frequencies applied to the mixer 35. The sum 
of those frequencies, which is also included in the out- 
put of the mixer 35 f is rejected by the filter 39. The 
bandwidth of the filter 39 is approximately 2.2 MHz, 
slightly greater than that of the spectrum of the C/A- 
code. The filter 39 is preferably a surface acoustic 
wave (SAW) type. 

The band limited signal output of the filter 39 is 
then amplified by a monolithic silicon amplifier 41. 
That amplifier's output is then applied to a second 
mixer 43 which receives a local oscillator signal hav- 
ing a frequency of 171. 5f 0 from the timing circuits 21 
in a line 45. The difference frequency of about 3.5f 0 
output of the mixer 41 is then amplified by a commer- 
cially available high gain amplifier 47 operating in a 
non-linear, saturated region. The amplifier 47 limits 
the level of the signal to components to which its out- 
put is connected, in order to avoid overdriving them. 
Only the phase of the signal must be preserved by the 
components in the radio frequency section, so clip- 
ping of the signal's amplitude is of no concern. Finally, 
the output of the amplifier 47 is applied to a compar- 
ator 49 which translates that amplifier output to digital 
logic levels in line 17 for use by the digital processing 
channels 23-27. 

The L2 radio frequency section portion 1 5 con- 
nects the signal from the antenna 11 to a bandpass 
filter 51 having a center bandpass frequency of 
1200f 0 . the L2 carrier frequency. An amplifier 53 ap- 
plies an amplified version of that band limited signai 
to a first mixer 55. The mixer 55 receives the same lo- 
cal oscillator signal from line 37 that does the first 
mixer 35 of the L1 radio frequency section portion 13, 
thereby reducing the complexity of the circuit that 
would result if a different local oscillator frequencies 
were used. The frequency of that local oscillator, 
namely 1372f 0 , is chosen to be intermediate of the 
carrier frequencies of the L1 and L2 signals. 

An output of the first mixer 55 is applied to a band- 
pass filter centered at 172f 0 , which passes the differ- 
ence frequency output of the mixer 55. The filter sig- 
nal is then amplified by amplifier 57 which passes the 
difference frequency output of the mixer 55, that fre- 
quency being 172f 0 . The output of the amplifier 57 is 
applied to an autocorrelator, made up of coupler 59 
and a mixer 61 . The mixer 61 receives as its radio fre- 
quency and local oscillator signals the same L2 signal 
from the output of the amplifier 57. The result is an 
output signal, then applied to a bandpass filter 63, 
that has doubled in frequency, namely to 344f 0 , but 
which has its spread spectrum collapsed into a nar- 
row bandwidth signal. The autocorrelation results in 



all of the modulating information in the satellite being 
eliminated from the signal so that L2 carrier frequen- 
cy and relative phase can be measured. The modu- 
lating information is the P-code pseudo-random f unc- 

5 tion and data that is to be militarily classified, and the 
autocorrelation simply eliminates the effect of this un- 
known modulating signal from the signal being exam- 
ined by the receiver. 

An output of the bandpass filter 63 is applied to 

10 a second down-converter mixer 65 that also receives 
a local oscillator signal in a line 67 that is 343f 0 . There- 
fore, an output of the mixer 65 is a difference signal 
of 1f 0 . This difference signal is applied to a bandpass 
filter 62 which has a center frequency of 1f 0 . The f il- 

15 tered signal is amplified by amplifier 64 and convert- 
ed to a digital signal in a comparator 66 which trans- 
lates the amplifier output to digital levels for use by 
the amplifier processing channels 23-27. 

The clock and timing circuits 21 of the receiver of 

20 Figure 1 are shown in more detail in Figure 2. All of 
the local oscillator, clock signals and timing signals of 
the receiver are developed from the output of a very 
stable oscillator 71. The oscillator 71 preferably in- 
cludes an oven temperature controlled crystal so that 

25 the output frequency is very precise and stable. In the 
particular receiver example being described herein, 
that output is chosen to have a frequency of 20f 0 , 
which is connected directly to one of the timing circuit 
output lines 73 for utilization by the digital circuits. 

30 The output of the oscillator 71 is passed through 

a dividing circuit 75 and then to a phase locked loop 
including a phase detector 77, a loop filter 78, a vol- 
tage controlled oscillator 79, and dividing circuits 81, 
83 and 85, all in a series loop. In order to obtain the 

35 specific frequencies desired for the receiver of this 
example, the circuit 75 divides the oscillator 71 output 
by 40 and the voltage controlled oscillator has a fre- 
quency output of 1372f 0 when zero voltage is applied 
to the loop filter 78. The 1372f 0 output is that which is 

40 applied by line 37 to mixers 35 and 55 of the receiver 
of Figure 1. That signal is then divided by 4 by the cir- 
cuit 81, resulting in producing the local oscillator sig- 
nal 343f 0 in line 67 that is applied to the mixer 65 of 
the receiver of Figure 1 . The circuit 83 divides that f re- 

45 quency by 2, resulting in the local oscillator frequency 
171.5f 0 in a line 45 that is applied to the mixer 43 of 
the receiver of Figure 1. To close the loop, the circuit 
85 divides that signal by 343 before applying it to the 
phase detector 77. 

so Additional frequencies are derived in the timing 

circuit of Figure 2 from these basic signals and are 
used in the digital processing circuits in the receiver 
of Figure 1. A divide-by-nine circuit 87 produces a 
1 9. 05f 0 signal in a line 89, and a divide- by-five circuit 

55 91 produces a 34.3f 0 clock signal in a line 93, both of 
the circuits 87 and 91 receiving the 171.5f 0 signal 
from line 45. In order to produce clock signals at much 
lower frequency, a divide-by-ten circuit 95 is connect- 



5 



9 



EP0 351 156 B1 



10 



ed to the 20f 0 clock signal in line 73 in order to gener- 
ate in line 97 a 2f 0 clock. Similarly, a divide-by-20 cir- 
cuit 99 produces a 1f 0 clock in a line 101. That clock 
is further divided by 1023 by a dividing circuit 103, 
thereby producing in a line 105 a clock signal having 
a period of 1 millisecond. 

Referring to Figure 3, a portion of the digital proc- 
essing circuits included in each of the channel proc- 
essors 23-27 is given. This is the portion of each of 
those circuits that processes the reduced frequency 
L1 signal in the line 1 7 for only one of several satellites 
whose signals are simultaneously being received and 
processed. A primary purpose of these circuits is to 
provide signals from which the ultimate quantities of 
distance, position, velocity, time, and the like may be 
calculated. This includes signals proportional to the 
relative phase of the L1 carrier and to the C/A code. 

The incoming signal in the line 17 is applied to a 
pair of digital mixers 111 and 113. The L1 signal is de- 
modulated by a locally generated estimate of the C/A- 
code inline 115 for the one satellite whose signals are 
being processed by the circuit of Figure 3. An output 
of the digital mixer 111 in line 117 is then the reduced 
frequency L1 signai modulated only with the naviga- 
tion (NAV) data and noise. A demodulating signal ap- 
plied to the digital mixer 113 in a line 119 is a locally 
generated estimate of the reduced frequency L1 car- 
rier component of the signal in line 17 for this partic- 
ular satellite. An output of the mixer 113, in a line 121, 
is the C/A-code modulated with NAV data of the one 
satellite, plus noise. 

A phase locked loop circuit 1 23 has as a principal 
purpose to lock onto the L1 carrier for a single satellite 
that has been separated from all of the satellite L1 sig- 
nals into line 117. Each satellite's L1 signal will have 
a frequency that varies within a small range of fre- 
quencies about 1540f 0 , depending upon the velocity 
of the satellite relative to the receiver, in accordance 
with the Doppler effect. Since the C/A code is unique 
for each satellite, the circuit 123 locks upon the L1 fre- 
quency of the satellite whose C/A code is being gen- 
erated by a receiver circuit 127. One output of the 
phase lock loop 123 is a replica of that L1 carrier sig- 
nal, in the line 119. A second principal portion of the 
circuit of Figure 3 is an early-late tracking loop 125 
that has as a purpose the generation of an estimate 
of the C/A-code in a line 115 that has the same infor- 
mation content and is of the same phase as that in the 
L1 signal being received for the one satellite. 

The early-late tracking loop 125 is of a type that 
is well-known in spread spectrum satellite communi- 
cations technology. The known C/A-code for the one 
satellite is generated by the circuit 127. The C/A-code 
generated in each of the digital processing channels 
23-27 will be different, and unique to each satellite 
being used. The known pseudo-random bit pattern, 
repeating every one millisecond, is known but its rel- 
ative phase is not. Therefore, the purpose of the cir- 



cuit 125 is to shift the phase of the locally generated 
C/A-code in order to produce in the line 115 a code 
that is in synchronism with the L1 signal that is modu- 
lated by that unique C/A-code. The early-late tracking 

5 loop 125 also has a purpose of measuring that relative 
phase shift and producing, for use by the control and 
processing circuits 29 t a signal in lines 129 that is pro- 
portional to that phase shift This quantity is impor- 
tant information that is used by the processor in order 

10 to calculate the ultimate quantities of position, veloc- 
ity, and the like. 

The loop 125 includes a phase shifting circuit as 
part of circuit 1 27 that forms in a line 1 33 an advanced 
phase version of the C/A-code and forms in the line 

15 1 35 a phase delayed version of that code. These sig- 
nals are applied, respectively, to digital mixers 137 
and 139 for correllating with the signal in the line 121. 
The outputs of those mixers are applied to an up- 
town counter 141 which has as an output 143 a sig- 

20 nal proportional to an error resulting when the ad- 
vanced and delayed C/A-code in lines 133 and 135, 
respectively, are not equally displaced in phase on 
either side of the C/A-code in line 121 that is con- 
tained in the signal being processed. When there is 

25 such an error, that is passed through a filter 145 to the 
phase shifter in the circuit 127 which makes an ad- 
justment in order to reduce the error to zero. That ad- 
justment results in the C/A-code of the generator in 
the circuit 127 being shifted in phase on the line 115 

30 to march that of the C/A-code of the L1 signal being 
processed. 

Similarly, the phase lock loop 123 is well known 
in satellite communication systems for locking onto a 
earner signal. This carrier signal is applied to a phase 

35 detector 147 which produces as an output in a line 149 
any difference in the phase of the signal in line 117 
and that in a line 119. An up/down counter 151 re- 
ceives the signal in line 149 and serves to integrate 
it over the period of the C/A code. A line 131 carries 

40 a signal at the occurrence of a particular state of the 
locally generated nominal C/A code. This will occur 
nominally at a one millisecond rate, modified by any 
phase shift caused by any Doppler effect and local 
oscillator offset The integration of the signal in line 

45 149 in synchronism with data transitions assures that 
no data transition occurs during the integration peri- 
od. An output of the counter 151 is proportional to the 
phase of the L1 carrier, and that is applied through a 
loop filter and processor 1 53 to a numerically control- 

50 led oscillator ("NCO") 155. A signai in line 157 is pro- 
portional to the phase error between the L1 carrier 
and the locally generated estimate of the carrier. It is 
available for use by the control and processing cir- 
cuits 29. 

55 The NCO 155 has an output in lines 159 from 

which the relative phase of the L1 carrier may be 
measured. That signal, and a shift pulse signal in a 
line 161 from the NCO 155, are applied to phase 
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measuring circuits 163. Circuits 163 are responsive to 
various clocks and a control signal in lines 165. A re- 
sulting signal in lines 167 is proportional to the phase 
of the L1 carrier from the one satellite whose signals 
are being processed by the one processing channel, 
relative to the phase of L1 carriers from other satel- 
lites that are being processed in other of the digital 
processing channels 23-27. 

Although the frequency of the L1 carrier generat- 
ed by each satellite is very stable, the signal received 
will be affected by any relative movement between 
the satellite and the receiver, according to the Doppler 
effect. Particularly, in a land based receiver, the fre- 
quency and relative phase of the L1 carrier from a 
particular satellite will vary as that satellite moves 
across the portion of space that is visible to the receiv- 
er. 

In order to extract navigational (NAV) data being 
transmitted by this particular satellite, the signal in 
line 117 is applied to a mixer 171 that receives as a 
demodulating signal in a line 173 the estimate of the 
L1 carrier in line 119 after having been shifted ninety 
degrees in phase by a circuit 175. The resulting de- 
modulated signal is applied to an up/down counter 
177 whose output in circuits 179 is the desired navi- 
gational data of the one satellite. 

In those receivers where the L2 carrier is also 
processed, each of the digital processing channels 
23-27 may contain processing circuitry illustrated in 
Figure 4. A phase locked loop 181 is provided that is 
of the same basic design as the loop 123 of Figure 3. 
It also has the same general function, except that it 
is operating with respect to the L2 carrier instead of 
the L1 carrier. Since the autocorrelated (squared) L2 
carrier contains no navigational data, the circuit of 
Figure 4 does not include provisions for dealing with 
navigational data. Similarly, squaring the L2 signal 
removes the pseudo-random signal. As a result, there 
is no local generation and relative phase shift of such 
a modulating signal in the circuit of Figure 4 as there 
is with the C/A-code in the circuit of Figure 3. In order 
to lock the phase locked loop 181 on the L2 carrier of 
the one satellite of interest, the control and process- 
ing circuits 29 calculate the Doppler frequency shift 
for that satellite from its L1 signal, scale that frequen- 
cy shi ft for the different L2 frequency, multiply by two, 
add it to the nominal L2 frequency and then start the 
numerically controlled oscillator of the loop 1 81 at that 
calculated L2 frequency. Once locked on that fre- 
quency, the loop 181 will follow its frequency changes 
as the satellite moves across the sky. 

An important part of the receiver being described 
is the ability to measure relative phase of the L1 car- 
rier to a very high degree of accuracy and resolution. 
This is accomplished by the phase measuring circuits 
163 of Figure 3. Details of the phase measuring cir- 
cuits 163 are given in Figure 5, as well as their inter- 
action with the numerically controlled oscillator 155. 



The phase measuring circuits 163 include a base 
phase measuring circuit 201 and an incremental 
phase measuring circuit 203. An output 238 of the cir- 
cuit 203 is divided by a programmed dividing circuit 

5 210. The divided output 207 is then combined with the 
base phase output 205 of the circuit 201 by an adder 
209 in order to provide a single relative phase value 
in lines 167. The dividing and adding functions of ele- 
ments 209 and 210 can alternately be performed by 

10 software in the processing circuits 29. 

In order to understand the operation of the phase 
measuring circuits of Figure 5, operation of the nu- 
merically controlled oscillator 155 needs to be ex- 
plained to some degree. A principal component of the 

15 NCO 155 is a counter 211 whose output is a plurality 
of bits in line 159. The most significant bit of the coun- 
ter output is carried by the line 119. It is desired that 
the frequency of the signal in the line 119 be 3.5f 0 , the 
nominal intermediate frequency of the L1 carrier that 

20 is applied to the digital processing circuitry without 
any effect of a Doppler frequency shift 

But since the L1 carrier frequency will change 
somewhat because of the Doppler effect, the counter 
211 must be variable enough to be able to track and 

25 lock on such frequency variations. The counter 211 in 
this specific example is chosen to normally count to 
ten before automatically repeating, thereby normally 
producing a signal in the line 119 that is 1/1 0th of the 
frequency of the clock signal driving the counter 21 1 . 

30 The line 161 carries a control signal to the counter 
211. When the counter receives a pulse in the line 
161, its next cycle counts only to 9 instead of 1 0, while 
subsequent cycles count to ten until another pulse is 
received in the line 161. 

35 The counter shift pulses in the line 161 are devel- 

oped from a start machine 21 3 that includes an adder 
215 and a plurality of paralleled flip-flops 217. The 
output of the flip-flops 21 7 become one of the two in- 
puts of the adder 215, the other input of the adder 

40 coming from a control register 219 that is loaded with 
a word that represents the desired frequency of the 
NCO 155 output. The most significant bit of the word 
stored in the flip-flops 217 is passed by line 221 to an 
edge detecting circuit 223 that outputs a pulse in the 

45 line 161 each time the waveform in the line 221 tran- 
sitions from a zero to a one. 

It is helpful in understanding the operation of the 
circuit of Figure 5 to consider a specific operational 
example in conjunction with the waveforms of Figure 

so 6. Figure 6(A) shows a waveform in NCO line 221 hav- 
ing a nominal frequency of 0.7f 0 , a result of the circuit 
213 being driven by a clock of 2f 0 - That results in a 
shift pulse in line 161 at each rising edge of that sig- 
nal, as shown in Figure 6(B). Figure 6(D) illustrates 

55 that the output of the counter 211 in line 119 will nor- 
mally have a period often cycles of its 34.3f 0 clock ex- 
cept immediately after receiving a shift pulse. An area 
225 in Figure 6(D) illustrates the difference in the 
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shape of the waveform in line 119 when the counter 
211 cycles in nine counts in response to a shift pulse, 
as shown in a solid line, as opposed to when it is al- 
lowed to go its full ten counts, as shown in a dashed 
line. Because of the frequencies involved in this spe- 
cific example, the counter 211 needs to divide its 
clock signal of 34.3f 0 by 9.8 in order to produce a 3.5f 0 
signal in the line 1 1 9 that will keep the phase lock loop 
123 of Figure 3 locked onto the reduced frequency L1 
signal, without any Doppler frequency shift. This is 
accomplished changing the modulo of the divide of 
the counter 211 to nine once every five cycles of the 
in-phase clock of line 119, thereby dividing the 34.3f 0 
clock by an average of 9.8 over five cycles. 

A measure of the phase of the L1 carrier signal 
being processed by the circuit of Figure 5 in a partic- 
ular processing channel, relative to the phases of the 
signals being processed by the other channels, is ob- 
tained by latching the output 159 of the NCO counter 
211 in each channel at the same time. A latch 227 is 
provided for this purpose and is latched on the declin- 
ing edge of the one millisecond clock. Figure 6(C) 
shows an example of the one millisecond clock and 
its decreasing edge 229. Figure 6(D) represents the 
output of the most significant bit of the counter 21 1 as 
a function of time, a reading of all bits at the time in- 
dicated at 229 giving a measure of the relative phase 
of the L1 signal being processed by this channel. Sim- 
ilarly, Figure 6(E) shows an example of the in-phase 
clock of another channel that is processing a L1 car- 
rier frequency from a different satellite, its relative 
phase at the time indicated at 229 being something 
different, its NCO counter having a different output 
that is latched. Similarly, Figure 6(F) shows the in- 
phase clock of a third digital processing channel 
where its output indicates another relative phase. 
These relative phase values are important in being 
able to calculate the ultimate quantities of distance, 
velocity and the like. 

The accuracy and resolution of such a phase 
measurement is limited, however, by the frequency of 
the clock by which the NCO counter 211 is driven. In 
the specific example being described, that clock, in 
line 93, is 34.3f 0 , which is 35.0889 MHz. This is ap- 
proaching the limit of speed of desirable logic famil- 
ies. Although the clock frequency and resolution can 
be increased by using high speed digital logic (for ex- 
ample, emitter coupled logic), their size and power 
dissipation make them impractical for use in this ap- 
plication. So the resolution of the phase measured in 
a manner described above cannot be practically in- 
creased by increasing the frequency of the counter 
clock. Therefore, the phase measuring circuits of Fig- 
ure 5 refine the relative phase stored in the latch 227 
by use of circuits 203. In effect, the incremental phase 
measurement circuits 203 monitor the phase of a 
number of cycles of the L1 signal carrier replica in the 
line 1 19 that occur in a fixed time after the instant 229 



when a base phase is measured by storing the count 
of the counter 211 into the latch 227. 

This fine phase measurement is conveniently ac- 
complished in the circuits 203 shown in Figure 5, 
5 wherein an average number of shift pulses occurring 
in the line 161 is measured during a specified number 
n A" of 3.43f 0 clock cycles after the base phase latch- 
ing instant 229. This average number of shift pulses 
over many such clock cycles, perhaps hundreds, pro- 
10 vides a high resolution incremental phase measure- 
ment that, when arithmetically combined with the 
base phase measurement stored in the latch 227, 
gives in lines 167 a relative phase measurement for 
this channel that is extremely accurate and has a very 
15 high degree of resolution. 

The circuit 203 of Figure 5 will now be explained 
with respect to a specific example of its operation giv- 
en by Figures 7 and 8. The 34.3f 0 clock in line 93 is 
divided by 10 by a circuit 232. The resulting 3.43f 0 ac- 
20 cumulator clock (Figure 7(F)) in line 233 drives timing 
logic circuits 236 which develop timing signals for a 
counter 231 and an accumulator 237. Operation of 
the circuit is keyed to the decreasing edge of the 1 
msec, clock, such as the edge 229 of Figures 6 and 
25 7. The base phase is latched in the latch 227 at the 
same time as the shift accumulator 237 is enabled. A 
clear/reset signal (Figure 7(G)) occurs at a time pre- 
ceeding the time 229, prior to the beginning of each 
shift pulse accumulation cycle, and is carried by a line 
30 235 to the counter 231 and to the accumulator 237. 
Similarly, a line 234 carries an enable signal (Figure 
7(H)) to the accumulator 237. The timing logic circuits 
236 cause the enable signal to begin at the time 229 
and continue for n A" number of cycles of the accumu- 
35 lator clock in the line 233, this number being four in 
the example being described, for simplicity, but will 
typically be 100 or more in practice. The constant "A" 
is set by a hardware connection or software control 
through a line 165. 
40 The number of shift pulses in the line 161 is 

counted by the counter 231 beginning after the coun- 
ter is reset at time 229. The counter 231 continues to 
count shift pulses until again reset at the beginning 
of another cycle. The accumulator 237 is clocked by 
45 the accumulator clock (Figure 7(F)) in the line 233. 
The accumulator 237 begins at zero at time 229 when 
reset. At a leading edge of the first cycle of the accu- 
mulator clock occuring after time 229, it stores the 
count of the counter 231. At the next clock leading 
so edge, the accumulator 237 adds the value of the 
counter at that instant to what is already in the accu- 
mulator. This continues for "A" number of 3.43f 0 accu- 
mulator clock cycles, at which time accumulator 237 
stops and the its accumulated number is divided by 
55 "A" by a circuit 210, the output of which in lines 207 
is the incremental phase measure that is then added 
to the base phase measure stored in the latch 227. 
A specific simplified example of the operation of 



8 



15 



EP 0 351 156 B1 



16 



the circuits of Figure 5 is given in Figures 7 and 8 for 
two receiver channels 1 and 2. That is, the digital 
processing circuits of Figure 5 are duplicated in each 
of the channels 1 and 2 (blocks 23 and 25 of Figure 

1 , respectively). Figure 7(B) shows the L1 signal car- 
rier in line 119 of the channel 1 processing circuits, 
and Figure 7(D) the same the channel 2 processing 
circuits, each channel being locked on a signal from 
a different satellite. Figure 7(C) shows an example of 
two shift pulses being received in the line 161 of the 
channel 1 processing circuits during "A" number of 
accumulator clock cycles, and Figure 7(E) shows a 
single shift pulse being received during that period by 
the channel 2 processing circuits. 

The Table of Figure 8(A) illustrates what is being 
accumulated in each of the two example channels. In 
the first sample period illustrated in Figure 7(F), noth- 
ing is stored in the accumulator 237 for either channel 
since no shift pulse occurs during that period in either 
channel. Their respective counters 231 are thus not 
incremented during that period. But in the second 
sample period, a shift pulse (Figure 7(C)) is received 
by the counter 231 in channel 1, and at the end of that 
period is added into the accumulator 237, as indicated 
by the Table of Figure 8(A). In sample period number 
3, a shift pulse is received by the circuits of channel 

2, but none in channel 1, so the counter 231 state in 
each channel is 1 and this is added to their respective 
accumulators 237. In sample period number 4, a shift 
pulse occurs in channel 1 , thus incrementing its coun- 
ter 231 to the value of 2, which number is added to the 
channel 1 accumulator 237 at the end of the fourth 
sample period. Since no shift pulse occurs during the 
fourth sample period in channel 2, its counter 231 re- 
tains the count of 1 , which is added to its accumulator 
237 during that sample period. At the end of four sam- 
ples, when the accumulator enable signal (Figure 
7(H)) goes low to disable any further operation of the 
accumulators 237 in all channels, the accumulator of 
channel 1 contains the number 4, and that of channel 
2 the number 2. 

Those accumulated shift pulse numbers are then 
divided by the number of sample periods, in circuits 
210 of each channel, to obtain an average. That aver- 
age for channel 1 is 1.0, and for channel 2 is 0.5. As 
shown in the Table of Figure 8(B), those averages are 
added, by circuits 209 in each channel, to the base 
phase measurements in those channels, the result 
being the desired high resolution relative phase 
measurement. The base phase measurement of this 
example for channel 1 is the phase of the signal of Fig- 
ure 7(B) at time 229, shown to be 4. Similarly, the 
base phase in channel 2 is given in Figure 7(D) at time 
229, being 5. The phases shown on the signals of Fig- 
ures 7(B) and 7(D) are in hexadecimal form. 

Because commercial receivers operating as de- 
scribed with respect to this example actually count a 
large number of shift pulses over a large number of 



accumulator clock cycles, the accumulators 237 can 
be very large. Therefore, it is usually preferred to se- 
lect an up/down counter for the shift counter 231 in 
each channel. The shift pulses cause it to count up 

5 and some periodically occuring clock signal applied to 
the counters of each receiver channel cause the 
counter to countdown. That limits the size of the num- 
bers that need to be accumulated, but does so simi- 
larly in the processing circuits of each channel, so the 

10 relative phases being measured do not change. In the 
example circuits described herein, such a down 
counting clock can be obtained by dividing the accu- 
mulator clock in line 233 by five. 

The circuits of Figure 5 have been described in 

is detail for the L1 signal processing. Similar circuits op- 
erating in a similar way are provided as part of Figure 
4 for processing the L2 signal, with an adjustment of 
clock frequencies and shift rates being made be- 
cause of its different carrier frequency. 

20 

Claims 

1. A method of determining the relative phase of a 
25 plurality of L-band radio frequency signals having 

unique modulation and originating in a plurality of 
global positioning system satellites, comprising 
the steps of: 

receiving said plurality of radio frequency 
30 signals and reducing them by a common radio 

frequency down-converting system (13,15) to a 
plurality of intermediate frequency signals, 

digitally identifying each of said plurality of 
intermediate frequency signals by their unique 
35 modulation, 

simultaneously locking a separate phase 
locked loop electronic circuit (123,181) onto each 
of said plurality of intermediate frequency sig- 
nals, 

40 simultaneously determining a base rela- 

tive phase of each of said plurality of intermediate 
frequency signals, 

CHARACTERISED BY the further steps of 
determining separately for each of said 

45 plurality of intermediate signals by averaging 

over a period of time a quantity that corresponds 
to their relative phase, an incremental relative 
phase having a higher degree of resolution than 
the base relative phase determinations, and 

so arithmetically combining the base and in- 

cremental phase values for each of the intermedi- 
ate frequency signals, whereby the relative 
phase of each of the radio frequency signals is 
determined. 

55 

2. A method according to Claim 1 CHARACTER- 
ISED IN THAT the steps of reducing the radio fre- 
quency signals to a plurality of intermediate fre- 
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quency signals includes the steps of: 

mixing the received radio frequency sig- 
nals with a local oscillator frequency of substan- 
tially 1372f 0 , where f 0 = 1.023 MHz, thereby to re- 
duce the frequency of the radio frequency sig- 
nals, and 

mixing the reduced frequency signals with 
a local oscillator frequency of substantially 
171.5f 0 , thereby to obtain said plurality of inter- 
mediate frequency signals. 

3. Apparatus for determining the relative phase of a 
plurality of L-band radio frequency signals having 
unique modulation and originating in a plurality of 
global positioning system satellites, comprising: 
a receiver for such plurality of radio fre- 
quency signals, and a common radio frequency 
down-converting system (13,15) for reducing 
them to a plurality of intermediate frequency sig- 
nals; 

means for digitally identifying each inter- 
mediate frequency signal by its unique modula- 
tion, and means for locking a separate phase 
locked loop electronic circuit (123,181) simulta- 
neously onto each intermediate frequency signal; 
and 

means (201) for determining a base rela- 
tive phase simultaneously of each intermediate 
frequency signal, 

CHARACTERISED IN THAT 

the apparatus includes means (203) for 
determining separately for each intermediate sig- 
nal by averaging over a period of time a quantity 
that corresponds to their relative phase, an incre- 
mental relative phase having a higher degree of 
resolution than the base relative phase determi- 
nations; and 

means (209 or 29) for arithmetically com- 
bining the base and incremental phase values for 
each of the intermediate frequency signals, 
whereby the relative phase of each of the radio 
frequency signals is determined. 

Pate ntansp ruche 

1 . Ein Verfahren zum Bestimmen der relativen Pha- 
se einer Mehrzahl von L- Band- Fun kfrequenzs i- 
gnalen, die einzigartige Modulation aufweisen 
und von einer Mehrzahl von Satelliten eines welt- 
weiten Standortbestimmungssystems herruh- 
ren. umfassend die Schritte 

des Empfangens der besagten Mehrzahl 
von Funkfrequenzsignalen und deren Reduktion 
auf eine Mehrzahl von Zwischenfrequenzsigna- 
len mit Hilfe eines gemeinsamen Funkfrequenz- 
Abwartsumsetzsystems (13, 15), 

des digitalen Kennzeichnens jedes der be- 



sagten Mehrzahl von Zwischenf requenzsignalen 
durch deren einzigartige Modulation, 

des gleichzeitigen Aufschaltens eines ge- 
trennten elektronischen Schaltkreises in der 
5 Form einer phasenstarren Schleife (123, 181) auf 

jedes der besagten Mehrzahl von Zwischenfre- 
quenzsignalen, 

des gleichzeitigen Bestimmens einer ba- 
sisrelativen Phase jedes der besagten Mehrzahl 
10 von Zwischenfrequenzsignalen, 

GEKENNZEICHNET DURCH die weiteren 
Schritte 

des getrennten Bestimmens hinsichtlich 
jedes der besagten Mehrzahl von Zwischenfre- 

15 quenzsignalen einer inkrementellen relativen 

Phase, deren Auflosungsgrad hoher ist als die 
bestimmten Auflosungsgrade der basisrelativen 
Phase, und zwar durch Mitteln wahrend einer ge- 
wissen Zeitspanne eines der relativen Phase 

20 entsprechenden Wertes und 

des arithmetischen Verbindens der Werte 
der Basisphase und der inkrementellen Phase 
hinsichtlich jedes der Zwischenfrequenzsignale, 
wodurch die relative Phase jedes der Funkfre- 

25 quenzsignale bestimmt wird. 

2. Ein Verfahren nach Anspruch 1 , DADURCH GE- 
KENNZEICHNET, DASS die Schritte des Redu- 
zierens der Funkfrequenzsignale zu einer Mehr- 

30 zahl von Zwischenfrequenzsignalen die folgen- 

den Schritte umfassen: 

Mischen derempfangenen Funkfrequenz- 
signale mit einer ortlichen Oszillatorfrequenz 
von im wesentlichen 1372f ot wobei f D = 1,023 

35 MHz, urn auf diese Weise die Frequenz der Funk- 

frequenzsignale zu reduzieren, und 

Mischen der Signale reduzierter Frequenz 
mit einer ortlichen Oszillatorfrequenz von im we- 
sentlichen 171,5f 0i , urn dadurch die besagte 

40 Mehrzahl von Zwischenfrequenzsignalen zu er- 

zielen. 

3. Vorrichtung zum Bestimmen der relativen Phase 
einer Mehrzahl von L-Band-Funkfrequenzsigna- 

45 len, die einzigartige Modulation aufweisen und 

von einer Mehrzahl von Satelliten fur weltweite 
Standortbestimmung herruhren umfassend: 

einen Empfangerfureine solche Mehrzahl 
von Funkfrequenzsignalen und ein gemeinsa- 

50 mes Funkfrequenz-Abwartsumsetzsystem (13, 

15) zum Reduzieren der besagten Signale zu ei- 
ner Mehrzahl von Zwischenfrequenzsignalen; 

Mittel zum digitalen Kennzeichnen jedes 
Zwischenfrequenzsignals durch dessen einzig- 

55 artige Modulation und Mittel zum gleichzeitigen 

Aufschalten eines getrennten elektronischen 
Schaltkreises (123, 181) in der Form einer pha- 
senstarren Schleife auf jedes Zwischenf requenz- 
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signal; sowie 

Mittel (201) zum gleichzeitigen Bestinrv 
men einer basisrelativen Phase jedes Zwischen- 
frequenzsignals, 

DADURCH GEKENNZEICHNET, DASS 5 

die Vorrichtung Mittel (203) fur getrenntes 
Bestimmen jedes Zwischensignals einer inkre- 
mentellen relativen Phase umfa&t, deren Auflo- 
sungsgrad hoher ist als die bestimmten Auflo- 
sungsgrade der basisrelativen Phase, und zwar 10 
durch Mitteln wahrend einer Zeitspanne eines 
der relativen Phase entsprechenden Wertes; und 

Mittel (209 bzw. 29) zum arithmetischen 
Vereinigen der Werte der Basisphase und der in- 
krementellen Phase hinsichtlich jedes der Zwi- 15 
schenfrequenzsignale, wodurch die relative Pha- 
se jedes der Funkf requenzsignale bestimmt wird. 

Revendications 20 

1. Procede de determination de la phase relative 
d'une piuralite de signaux de frequence radio de 
bande L ayant une seule modulation et provenant 
d'une piuralite de satellites GPS, comprenant les 25 
phases de : 

- reception de ladite piuralite de signaux de 
frequences radio et son passage par un 
systeme courant (13, 15) de changement 

de frequence a une piuralite de signaux de 30 
frequence intermediate, 

- identification numerique de chaque piurali- 
te de signaux de frequence intermediaire 
par sa seule modulation en bouclant simul- 
tanement un circuit electron ique separe d 35 
phase asservie (123, 181) sur chaque piu- 
ralite de signaux de frequence intermediai- 
re, 

- determination simultanee de la phase rela- 
tive de base de chacune desdites pluralites 40 
de signaux de frequence intermediaire, 

caracterise, en outre, par les phases de : 

- determination separee pour chaque piurali- 
te de signaux intermedia ires du temps de 
moyennage d'une quantite correspondante 45 
a leur phase relative, une phase relative in- 
crementale ayant un plus grand degre de 
definition que la determination de la phase 
relative de base et, 

- combinaison arithmetique de la base et des so 
valeurs de la phase in ere men tale pourcha- 

cun des signaux a frequence intermediaire 
par lesquelles la phase relative de chacun 
des signaux de frequence radio est deter- 
minee. 55 

2. Procede selon la revendication 1 caracterise en 
ce que les phases de changement de signaux de 



frequence radio en une piuralite de signaux de 
frequence intermediaire induent les phases de : 

- mixage des signaux de frequence radio re- 
cus avec ceux d'une frequence de I'oscilla- 
teur local de 1372 fo ou fo = 1023 MHz per- 
mettant de ce fait de reduire la frequence 
desdits signaux de frequence radio, et de 

- mixage des signaux de frequence reduits 
avec la frequence d'un oscillateur local de 
1 71 ,5 fo, permettant de ce fait d'obtenir une 
piuralite de signaux de frequence interme- 
diaire. 

3. Appareil pour la determination de la phase rela- 
tive d'une piuralite de signaux de frequence radio 
de bande L ayant une seule modulation prove- 
nant d'une piuralite de satellites GPS, compre- 
nant : 

- un recepteur d'une telle piuralite de signaux 
de frequence radio et un systeme courant 
(13, 15) de changement de frequence per- 
mettant de les reduire a une piuralite de si- 
gnaux de frequence intermediaire, 

- des moyens numeriques d'identif ication de 
chaque signal de frequence intermediaire 
par sa seule modulation et des moyens si- 
multanes de bouclage d'un circuit elect roni- 
que separ6 a phase asservie (1 23, 1 81 ) sur 
chaque signal de frequence intermediaire; 
et 

- des moyens (201) pour la determination si- 
multanee de la phase relative de base de 
chaque signal de frequence intermediaire, 

caracterise en ce que I'appareil inclut des 
moyens (203) de determination separee pour 
chaque signal intermediaire du temps de moyen- 
nage d'une quantite correspondante a sa phase 
relative, une phase relative incrementale ayant 
un plus grand degr6 de definition que la determi- 
nation de la phase relative de base; et 

- des moyens (209 ou 29) pour combiner 
arithmetiquement la base et les valeurs de la pha- 
se incrementale pour chacun des signaux de fre- 
quence intermediaire par lesquels la phase rela- 
tive de chacun des signaux de frequence radio 
est determinee. 
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(B) CHANNEL 1 1 4 7| |4 7l 13 7| d IS 

(LINE 119) ! n n 

/n SHIFT: CHANNEL l_j | | I I 

tU (LINE 161) ! 

PHASE: i 8 C 8 C 8 C 8 C 

(D) CHANNEL 2 I ? 7) |3 Tj [4 II (3 7) L 

(LINE 119) ! 

SHIFT: j n 

(E) CHANNEL 2 | * i — — 

(LINE 161) jMMPlf^ SAMPIF »- SAMPLE SAMPLE 



2 i 3 4 



, M CLEAR ACCUMn I 

(G) (LINE 235) U— 

I 
I 

mi ENABLE ACCUM j „ r » 

lH) (LINE 234) _J SAMPLES)- 

! FIG.-T. 



, n ACCOM CLK i I 1 I 1 I 1 

lM (LINE 233)—! 1 I 1 I 1 I 



(A) MEASURIN6 SHIFTS AND CALCULATING AVERA6E : 

NO. OF SHIFTS ADDED 
TO ACCUMULATOR 237 

SAMPLE NO. CHJ CJL2 

1 0 0 

2 I 0 

3 I I 

4 2. 1 

4 2 — TOTAL NO. OF SHIFTS (ACCUMULATOR 237) 
1.0 0.5— -AVERA6E NO. OF SHIFTS (^ A 210) 

IB) RELATIVE PHASE CALCULATION : 

CHJL 012 

BASE PHASE AT TIME tl (LATCH 227) 40 5j0 

AVERA6E NO. OF SHIFTS (+A 210) LO 05 

AVERAGED PHASE (LINE 167) 5.0 5.5 

nc a 



